Preservation at ultra-low temperature of in vitro cultured arbuscular mycorrhizal fungi via encapsulation-drying.
At present, over 300 species of arbuscular mycorrhizal fungi (AMF) have been identified, most of which being stored in international collections. Their maintenance is mostly achieved in greenhouse via continuous culture on trap plants or in vitro in association with excised root organs. Both methods are work-intensive and for the former present the risk of unwanted contaminations. The in vitro root organ culture of AMF has become an alternative preventing contamination. Nevertheless, the risk for somaclonal variation during the sub-cultivation process cannot be excluded. A method for the long-term conservation that guarantees the stability of the biological material is thus highly demanded to preserve the microorganisms and their genetic stability. Here, 12 AMF isolates cultured in vitro in association with excised carrot roots were encapsulated in alginate beads and subsequently cryopreserved. Several protocols were tested taking into consideration culture age, alginate bead pre-drying, and rate of decrease in temperature. The viability of the AMF isolates was estimated by the percentage of potentially infective beads (%PIB) that measure the % of beads that contain at least one germinated propagule. Thermal behaviour of alginate beads was analysed by a differential thermal calorimeter before and after drying to estimate the frozen and unfrozen water during the cryopreservation process. It was shown that the spore damage was directly related to ice formation during cryopreservation. The encapsulation and culture age were also determinant parameters for the successful cryopreservation. Irrespective of the AMF isolate, the optimal procedure for cryopreservation comprised five steps: (1) the encapsulation of propagules (i.e. spores and mycorrhizal root pieces) isolated from 5m old cultures, (2) the incubation overnight in trehalose (0.5M), (3) the drying during 48h at 27°C, (4) the cryopreservation in the freezer at -130°C following a two-step decrease in temperature: a fast decrease (∼12°Cmin(-1)) from room temperature (+20°C) to -110°C followed by a slow decrease in temperature (∼1°Cmin(-1)) from -110°C to -130°C, and (5) the direct thawing in a water bath (+35°C). The % PIB was above 70 % for all the isolates and even above 95% for 11 out of the 12 isolates after several months of storage at ultra-low temperature. All the isolates kept their capacity to associate to an excised carrot root in vitro and to reproduce the fungal life cycle with the production of several hundreds to thousands of spores after 2m. This method opens the door for the long-term maintenance at ultra-low temperature of AMF isolates within international repositories.